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slope of the embankment shown appreciable sloughing near the principal spillway.
Scattered minor depressions appear sporadically along the downstream slope,
presumably the result of dispersive soil. There are no indications of seepage
on the slope or in the area downstream of the dam. No signs of differential
settlement or other slope instabilities were observed, The princial spillway
is a reinforced concrete riser with an approximate 3 Toot square flow area. It
feeds a 24 inch asbestos cement pipe approximately 18 feet long. The drawdown
is a 12 inch formed opening controlled by a 12 inch minually operated sliding
headgate. According to the owner, the drawdown has al*ays leaked extensively,
so to minimise the flow, the inlet was clogged with clay several years ago. The
emergency spillway is an uncontrolled earthen saddle type channel with a
trapezoidal cross-section located at the left and of the dam. it has a top
width of 57 feet and 2.6 feet of available head (2.9 feat to top of dam). It
is vell grassed and has a reasonably uniform cross-section. hppreciable
erosion occurs near the water surface and along the upstresm left side slope
apparently the result of cattle congregating in these areas. The dam is in the
high hazard potential and small size classifications. OCE gdidelines require
such dams to pass the one-half probable maximum flood (1/2 PWF) to full =4F.
Hydraulic and hydrologic analyses reveal that the emergency spillway is capable
of passing the 1/2 PMF without causing the dam to overtop not breach during the
storm. The upstream dam will overtop under the 1/2 PIF. Should failure of the
upstream dam occurs analysis indicates that Mary's Creek Dam will be overtopped
by 0.2 fees for 1.8 hours. The dam is given a condition classification of
'$deficient* because of the erosion near the emergency spillway entrance and
elsewhere along the upstream slope.
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IN REPLy *-19" TO

ORNED-G

Hlonorable Lai:r Alexander
Governor of Tennos c
Nashville, TN 37219

Dear Governor Alexander:

Furnished herewith is the Phase I Investigation Report on Marys Creek
Watershed Dam No. 8 near Crossroads, Tennessee. The report was prepare.d
the authority and provisions of PL 92-367, the National Dam Inspection Aa,
dated 8 August 1972.

The report presents details of the field inspection, backjground inforM:t i,,,
technical analyses, findings, and recommendations for improving the co.,.dilior"
of the dam.

Based upon the inspection and subsequent evaluation, Marys Creek Watershed .

No. 8 is classified as deFicient due to Insufficient storage and spillway
capacity to pass the one-half probable maximum flood and minor erosion o L",_
dam.

We do not consider this an emergency situation at this time, but the revc,',i.

dation concerning project modifications to allow safe passage of the d, -iL.,
flood and others contained in this report should be undertaken in the nwar
future.

Public release of the report and initiation of public statements fall withia
your prerogative. Hlowever, under provisions of the Freedom of Informatio.i
Act, the Corps of Engineers is required to respond fully to inquiries on
information contained in the report and to make it accessible for review (a
request.

Your assistance In keeping me informed of any further developments will I).
appreciated.

Sincerely,

I Itc ate LEE W. TUCKER

As s tated Colonel, Corps of Engineers
Commander

CF:
Mr. Robert A. Hunt, Director
Division of Water Resources
4721 Trousdaie Drive
Nashville, TN 37220
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PREFACE

This report is prepared under guidance contained in the Department of
the Army, Office of the Chief of Engineers, Recommended Guidelines
for Safety Inspection of Dams, for a Phase I investigation. The purpose
of the Phase I investigation is to identify expeditiously those dams
which may pose hazards to human life or property. The assessment of the
general condition of the dam is based upon available data and visual
inspections. Detailed investigation and analyses involving topographic
mapping, subsurface investigations, testing, and detailed computational
evaluations are beyond the scope of a Phase I investigation; however,
the investigation is intended to identify any need for such studies.

In the review of this report, it should be realized that the reported
condition of the dam is based on observations of field conditions at the
time of inspection along with data available to the inspection team.
Additional data or data furnished containing incorrect information could
alter the findings of this report. In cases where the reservoir was
lowered or drained prior to inspection, such action, while improving the
stability and safety of the dam, removes the normal load on the struc-
tures and may obscure certain conditions which might be detectable if
inspected under the normal operating environment of the structure.

The analyses and recommendations included in this report are related to
the hazard classification of the structure at the time of the report.
Changes in conditions downstream of the dam may change the hazard clas-
sification of the structure. A change in hazard classification may in
turn change the design flood on which the hydraulic and hydrologic
analyses are based and may have a significant impact on the assessment
of the safety of the structure.

It is important to note that the condition of a dam depends on numerous
and constantly changing internal and external conditions and is evolu-
tionary in nature. It would be incorrect to assume that the present
conditions of the dam will continue to represent the condition of the
dam at some point in the future. Only through continued care and in-
spections can there be any chance that unsafe conditions will be de-
tected.
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

TENNESSEE

Name of Dam ........... Mary's Creek Watershed Dam No. 8

County ........................................... Shelby

Stream ............... Unnamed Tributary of Mary's Creek

Date of Inspection ...................... March 11, 1981

ABSTRACT

Mary's Creek Watershed Dam No. 8 is a curvilinear earthen
structure 1120 feet long and 30.0 feet high with a crest
width of 12 feet. The upstream and downstream slopes are
1V:2.4H and lV:3.5H respectively. At normal pool, the
25 acre lake has a storage capacity of 149 acre-feet. At
the top of the dam the pool area increases to 45 acres
with an impoundage of 380 acre-feet. The drainage area
for the lake is 286 acres. It is predominantly pasture
and woodland with an average ground slope of approximately
5.6%

The dam is uniform, well grassed, and clear of any dele-
terious vegetation. The upstream slope of the embankment
shows appreciable sloughing near the principal spillway
and especially near the emergency spillway. Scattered
minor depressions appear sporadically along the downstream
slope, presumably the result of dispersive soil. There
are no indications of seepage on the slope or in the area
downstream of the dam. No signs of differential settle-
ment or other slope instabilities were observed.

The principal spillway is a reinforced concrete riser
with an approximate 3 foot square flow area. It feeds
a 24 inch asbestos cement pipe approximately 180 feet
long. The drawdown is a 12 inch formed opening controlled
by a 12 inch manually operated sliding headgate. According
to the owner, the drawdown has always leaked extensively,
so to minimize the flow, the inlet was clogged with clay
several years ago.



The emergency spillway is an uncontrolled earthen saddle
type channel with a trapezoidal cross-section located at
the left end of the dam. It has a top width of 57 feet
and 2.6 feet of available head (2.9 feet to top of dam).
It is well grassed and has a reasonably uniform cross-
section. Appreciable erosion occurs near the water sur-
face and along the upstream left side slope, apparently
the result of cattle congregating in these areas.

Mary's Creek Watershed Dam #8 is in the "high" hazard
potential and "small" size classifications. OCE guide-
lines require such dams to pass the one-half probable
maximum flood ( PMF) to full PMF. Hydraulic and hydro-
logic analyses reveal that the emergency spillway is
capable of passing the h PMF without causing the dam to
overtop provided a dam immediately upstream (Stotts Dam)
does not breach during the storm. Further analysis re-
veals that the upstream dam will overtop under the k PMF.
Should failure of the upstream dam occur, analysis indi-
cates that Mary's Creek Dam will be overtopped by 0.2 feet
for 1.8 hours.

The dam is given a condition classification of "deficient"
because of the erosion near the emergency spillway entrance
and elsewhere along the upstream slope.



PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

MARY'S CREEK WATERSHED DAM NO. 8
SHELBY COUNTY, TENNESSEE

SECTION 1 - GENERAL

1.1 Authority - The Phase I inspection of this dam
was carried out under the authority of Tennessee
Code Annotated, Sections 70-2501 to 70-2530, The
Safe Dams Act of 1973, and in cooperation with
the U. S. Army Corps of Engineers under the
authority of Public Law 92-367, The National Dam
Inspection Act.

i12 Purpose and Scope - The purpose of a Phase I
investigation is to develop an engineering assess-
ment of the general condition of a dam with respect
to safety and stability. This is accomplished by
conducting a visual inspection; reviewing any avail-
able design and construction data; and performing
appropriate hydraulic, hydrologic, and other analyses.
A comprehensive description of the Phase I investi-
gation program is given in Recommended Guidelines
for Safety Inspection of Dams, by the Department
of the Army, Chief of Engineers, Washington, D. C.
20314.

1.3 Past Inspections - The site was surveyed by state
personnel as part of the pre-inspection reconnaissance
on February 18, 1981.

1.4 Details of Inspection - The Phase I inspection of
Mary's Creek Dam No. 8 was conducted on March 11,
1981. The weather was sunny and breezy with a
temperature of 700 F.

1.5 Inspection Team Members - The field inspection was
conducted by the following State personnel:

Edmond O'Neill, Chief Engineer
George Moore, Regional Engineer
William Culbert, Jr., Regional Engineer

1!



SECTION 2 - PROJECT DESCRIPTION

2.1 Location - The dam is located in Shelby County,
Tennessee, 1.5 miles southeast of the Fisherville
community at mile 1 of an unnamed tributary con-
fluent with Mary's Creek at approximate mile 5.
The site is shown on the USGS Eads quadrangle
map (416NW) at 35008'45 " north latitude and
89038'59" west longitude. (See Appendix B for
location maps).

2.2 History of Project - Mary's Creek Watershed Dam
f8 was constructed as a flood retention structure
in 1954 by McComick Construction Company of Covington,
Tennessee (no longer in business) under the authority
of the Pilot Watershed Program established by an
act predating Public Law 566. The project was spon-
sored by Shelby and Fayette County Soil Conservation
Districts with assistance from the Wolf River
Watershed Association, the SCS, and various other
agencies of the Department of Agriculture. The
property is owned by L.E. Bryant, and the Shelby
and Fayette County Soil Conservation Districts are
responsible for operating and maintaining the site
with labor, materials, and funding provided by the
Wolf River Watershed Association, county courts, and
local landowners.

In 1957, severe jugging on the downstream slope
provided sufficient impetus for the SCS to have 3
feet of fill material removed from the surface of
the slope and replaced with new material. In the
early 1960's, the SCS implemented an alteration
to the dam with the help of farm labor. The riser
and corresponding normal pool elevation were raised
5 feet. The dam height was raised 4 feet by the
addition of new fill material over the downstream
slope and crest. This required that the principal
spillway culvert be extended downstream into the
plunge pool with an additional 16 foot section of
asbestos cement pipe.

2.3 Upstream Dam - Stotts Dam is located approximately
eet upstream of Marys Creek Lake. It is

owned by Cedar Hill Farms (Tolly Murff and T. G.
Barbee, principal shareholders). The dam is 17
feet high, 422 feet long, with a maximum impounding
capacity of 54 acre-feet. The drainage area is
41 acres.

2



Hydraulic analysis indicates that the PMF will
overtop the dam. Routing the breach hydrograph
from Stottsdownstream)indicates that the Mary's
Creek Dam will also be overtopped under this
flood condition. Data for Stotts Dam is given in
Appendices A, B, C, D, and F following data for
Mary's Creek.

2.4 Size and Hazard Classification - Based on a
structural height of 30 feet and a maximum storage
capacity of 380 acre-feet, the dam is given a size
classification of "small". A federal hazard classi-
fication of "high" was chosen for the dam because
a sudden failure of the structure could result in
the deaths of several persons living in the two
homes near the channel approximately 4600 feet
downstream of the dam.

2.5 Description of Dam and Appurtenances

2.5.1 Embankment - The dam is a curvilinear earthen
structure 1120 feet long and 30 feet high with a
crest width of 12 feet. The upstream and downstream
slopes are IV:2.4H and IV:3.5H respectively. The
dam crest elevation varies from 369.6 feet to
371.4 feet msl. (Elevations referenced to pool
surface as given on USGS quadrangle.)

Review of geologic quadrangle maps of the area and
the regional state geologic map indicate that the
area is overlain predominantly with Memphis and
Grenada soils derived from deep Loess brown loam.
Collins and Falayia are the principal bottom soils.
(Loess soils consist of clayey and sandy silt, gray
to brown, with a maximum thickness of 20 to 35 feet
in the Wolf River tributaries area with a 40-50 foot
thick fuluvial formation deep to this.) Being wind
blown material, the Loess lays in about equal
thickness through extensive changes in elevation, so
deeper formations cannot be identified without borings.
No boring profiles are provided in the design drawings.

The design specifies a cutoff trench with a 10 foot
base and 1:1 side slopes to be excavated along the
centerline of the dam to a low point elevation
approximately equal to that of the principal spill-
way outlet invert. Sixty feet upstream of the
outlet is the design location of an SCS box type
embankment drain, 4 feet square by 550 feet long.
A 6" helical corrugated metal pipe discharges to
the right of the principal spillway.

3



2.5.2 Service Spillway and Drawdown - The principal
spillway consists of a 17 foot tall reinforced
concrete riser with an approximately 3 foot square
flow area. The riser feeds a 24 inch asbestos
cement culvert 180 feet long. Three 8.5' X 12.5'
antiseep collars are located along the culvert on
26 foot centers. The drawdown is a 12 inch formed
opening at the upstream base of the riser controlled
by a 12 inch manually operated gate valve (see
photo no. 7).

2.5.3 Emergency Spillway - The emergency spillway is an
uncontrolled saddle type channel located at the
left end of the dam. It has a trapezoidal cross-
section with a 25 foot base width and approximately
IV:7H side slopes. The spillway has 2.6 feet of
available head within its horizontal boundaries
but provides 2.9 feet of head at what is considered
the effective low point in the dam crest, elevation
369.6 (see sheet 5 of sketches).

Approximately 106 feet to the right of the dam is
a small open channel following the natural contour
of the abutment. It has a width of 20 feet at the
top of the dam with 1.1 feet of available head. The
channel was apparently excavated as part of a ter-
racing system (see photo no. 1). The hydraulic
capacity of the channel was considered in the flood
routing.

2.6 Downstream Channel - The natural channel downstream
of the embankment lies on approximately a 0.5%
slope. It is 10 to 12 feet wide and 5 to 8 feet
deep. It can be approximated as a trapezoidal
channel with a relatively flat base and side
slopes ranging from 1:1 to almost vertical.

2.7 Reservoir and Drainage Area - At normal pool the
reservoir has a surface area of 24.8 acres and a
storage capacity of 149 acre-feet. At maximum
pool, the surface area is 45 acres with 380 acre-
feet of total storage.

The drainage area of the basin is 286 acres (245
acres excluding drainage area of Stotts Lake Dam)
with an average ground slope of approximately
5.6%. The area is predominantly woodland and
pasture with major surface soils of Memphis,
Loring, and Grenada.

4



SECTION 3 - FINDINGS

3.1 Visual Inspection

3.1.1 Embankment - The embankment is free of trees and
other woody vegetation except for one large bush
at the left downstream toe of the linear portion
of the dam and a few small coniferous seedlings.

The structure is free of observable seepage with
no noticeable wet areas along the downstream slope.
There are, however, some small inactive depressions
on the downstream slope. They are presumably the
result of cattle traffic or poor grading during
construction.

Immediately downstream of the dam near mid-section
a terrace excavation has left a 100 square foot
low area 2 feet deep with a gully trench that tapers
away to an intersection with the plunge pool. The
depressed area has a wet base and the gully contains
a small amount of pooled water near its downstream
end, apparently the result of surface runoff. If
it is the result of seepage, there was no observable
flow and it would appear to be of little consequence.

The upstream slope of the dam is significantly
eroded in the area of the riser and at the emergency
spillway entrance. Both upstream and downstream
slopes have a good Bermuda grass cover (see photo
nos. 6, 9, and 10).

The downstream slope of the dam is flat and well
grassed with no significant deleterious vegetation.
It exhibits no signs of seepage or differential
settlement.

The crest of the dam is flat, uniform, and well
grassed.

3.1.2 Service Spillway and Drawdown - The spillway riser
appears to be in good condition as viewed from the
dam. There appears to be nc broken or lost timbers
from the anti-vortex baffle or floor cap (see photo
no. 7). The spillway outlet is submerged in the
plunge pool and was inaccessible for inspection
(see photo nos. 13 and 14).

5



According to the owner, the drawdown leaked exten-
sively for several years after construction. The
valve was considered to be poorly designed and its
use was discontinued by the SCS soon afterwards.
To remedy the leakage problem, clay was dumped
at the inlet. A leakage flow of only a few gallons
per minute was observed at the outlet during the
inspection (see photo no. 13).

3.1.3 Emergency Spillway - The emergency spillway has a
reasonably uniform cross-section. It has a good
grass cover and is clear of undesirable Vegetation.
There is appreciable erosion on the left side slope
from near the water surface to the control section
(see photo nos. 17 and 18). Erosion at the upstream
right side slope is more severe but represents
little danger to the structure because it occurs
on the end wall upstream of the embankment (see
photo nos. 9 and 10).

3.1.4 Downstream Channel - The stream channel downstream
of the dam is adequately protected with natural
cover. Four and six inch median diameter trees
grow along most of the bank (see photo nos. 11
and 12). The side slopes of the channel are re-
latively steep and the base is flat with no
significant erosion.

3.2 Review of Data - Information reviewed for the
preparation of the report includes the Watershed
Work Plan for Mary's and Sand Creek tributaries
and the SCS design plans. Information from the
review of this data is incorporated into the
report.

3.3 Static and Seismic Stability Analysis - The dam
is in Seismic Zone 3, indicating that damage
from seismic activity would be major. The actual
margin of safety for static stability was not deter-
mined because an analytical stability analysis is
beyond the scope of this report. Consequently, the
assessment of embankment stability must be based on
visual evidence and engineering judgment. No signs
of instability were observed.

6



3.4 Hydraulic and Hydrologic Analysis - According to
OCE guidelines, dams in the small size and high
hazard categories are required to pass the one-
half probable maximum flood ( PMF) to the full
PMF.

Hydraulic and hydrologic analysis of Mary's Creek
drainage area under the influence of the PMF,
assuming no breach of the upstream dam, indicates
that the Mary's Creek Reservoir has sufficient
flood storage to contain the PMF providing
0.71 feet of freeboard.

The dam will overtop by a maximum of 0.2 feet for
1.8 hours under the PMF incorporating failure
of Stotts Lake Dam. (See Appendix A and Appendix
F for hydrologic details of Stotts Dam).

3.5 Conclusions and Recommendations

3.5.1 Conclusions - The dam shows no significant signs
of structural instability.

The dam is located in Seismic Zone 3, indicating
that risk of damage due to seismic activity is
major.

Analysis indicates that the emergency spillway is
inadequate to pass the PMF in addition to a
failure of the Stotts Dam upstream. This spillway
is not considered to be seriously inadequate,
however, because the depth and duration of over-
topping are not considered great enough to fail
the dam.

There is appreciable sloughing of a few areas on
the upstream slope.

The dam is given a condition classification of
"deficient" because of the minor erosion occurring
on the upstream slope and because of the marginal
spillway adequacy.

3.5.2 Recommendations - The Shelby County Soil Conservation
District should:

a. Provide erosion protection for the upstream
slope and repair any other areas of erosion
occurring on the dam.

7



b. Develop an emergency action plan to warn down-
stream residents in the event a serious problem
develops with the dam.

c. Establish a program of regular inspection and
maintenance.

d. A qualified engineer should be retained to:

1. Evaluate the stability of the embankment
under seismic loading condition.

2. Make recommendations for restoring the
lake drawdown facilities to an operable condition.

3. Make recommendations to expose the principal
spillway and embankment drain outlets.



SECTION 4 REVIEU BOARD F1:;])INGS

The Interagency Review Board for the National

Program of Inspection of Non-Federal Dams met in

Nashville on 30 July 1981 to examine the technical

d t" contained in the Phase I investigation report

on !tary's Creek .!atershed Dam No. 8. The Review

Bo~rd considered the information and recommended that

L) thc data relating to the failure of Stott's Dam

through structural failure alone or through failure during

the !2 P1Fl should be included in the report, (2) the report

should conclude.thatthe dam would probably not fail if

it were overtopped by 0.2 ft. for 1.8 hours during the 12

P"!F, (3) a qualified engineer should be engaged to perfon:i

an embankment stability analysis to determine if the dari

meets seismic stability requirements, and (4) recommendation

'd" should be revised to include the services of a qualified

engineer to investigate the feasibility of lowering the

water level in the stilling basin. The engineer should

also investigate and make recommendations for the repair

of the drawdown facilities. They agreed with other report

conclusions and recommendations. A copy of the letter

report presentcd by the Review Board is included in Append i::

C.

9
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MARY'S CREEK NO. 8

APPENDIX A
DATA SUMMARY

A.1 Dam

A.1.1 Type - Earthfill

A.l.2 Dimensions and Elevations

a. Crest length - 1120 feet
b. Crest width - 12 feet
c. Height - 30.0 feet (downstream pipe invert to

low point in crest)
d. Crest elevation (low point) - 369.6
e. Upstream slope - 2.4H:IV
f. Downstream slope - 2.5H:lV
g. Size classification - Small

A.1.3 Zones, Cutoffs, Grout Curtains - The
embankment is comprised of homogeneous fill
material. A cutoff trench was designed to be
constructed along the dam centerline with a base
width of 10 feet, 1:1 side slopes, and a maximum
depth approximately equal to that of the invert
of the principal spillway outlet.

A.1.4 Instrumentation - None

A.2 Reservoir and Drainage Area

A.2.1 Reservoir

a. Normal Pool

1) Elevation - 363 (msl) 2
2) Surface area - 24.8 acres (0.039 mi
3) Capacity - 149 acre-feet
4) Length - 2130 feet

b. Maximum Pool (top of dam)

1) Elevation - 369.6 (msl)
2) Surface area - 45 acres
3) Total capacity - 380 acre-feet



A.2.2 Drainage Area

a. Size - 286 acres (total)
245 acres (excluding drainage area of

Stotts Lake upstream)
b. Average ground slope - Approximately 5.6%
c. Soils - Memphis 64%(B), Loring 22%(B),

Grenada 14%(C)
d. Land use - 50% pasture, 35% woodland,

12% water, 3% residential
e. Runoff (AMC II)

1) PMF- 24.7 inches
2) hPMF- 12.5 inches
3) 100 year flood - 2.3 inches

A.3 Outlet Structures

A.3.1 Service Spillway

a. Type - Asbestos cement circular culvert
b. Size - 24 inch inside diameter
c. Pipe gradient - 3.6%
d. Drawdown - 12 inch formed opening controlled

by 12 inch manually operated sliding
headgate

A.3.2 Emergency Spillway

a. Type - Open channel saddle; trapezoidal
cross-section

b. Crest elevation - 366.9 feet msl (effective)
c. Size - Base-25 feet

Side slopes-7H:lV
T-57 feet
Head-2.9 feet

d. Maximum capacity - 360 cfs

A.4 Historical Data

A.4.1 Construction Date - Originally constructed
in 1951; renovated in approximately 1958

A.4.2 Designer - Soil Conservation Service

A.4.3 Builder - Originally McComick Construction
Company, Covington, Tennessee; alteration
by Rollin Wiggs of Cedar Hill Farms,
Memphis, Tennessee

A.4.4 Owner - L. E. Bryan



A.4.5 Previous Inspections - State personnel
performed pre-inspection reconnaissance
survey on February 18, 1981.

A.4.6 Seismic Zone - 3

A.4.7 Operation and Maintenance - The Shelby County
Soil Conservation District is responsible for
operation and maintenance of the structure by open
market purchase with limited funds provided primarily
by Shelby and Fayette County courts.

A.5 Downstream Hazard Data

A.5.1 Downstream Hazard Classification - High

A.5.2 Persons in Likely Floodpath - 10 (estimate)

A.5.3 Downstream Property - 2 homes and 1 large
horse stable and track 4600 feet downstream.

A.5.4 Warning Systems - None

)I



STOTTS LAKE DAM

APPENDIX A
DATA SUMMARY

A.l Dam

A.1.1 Type - Earthfill

A.1.2 Dimensions and Elevations

a. Crest length - 422 feet
b. Crest width - 7 feet
c. Height - 17 feet
d. Crest elevation (low point) - 388.9 feet msl
e. Upstream slope - 1.2H:lV (potential for

error is great due to extensive sloughing)
f. Downstream slope - 1.6H:lV
g. Size classification - Small

A.1.3 Zones, Cutoffs, Grout Curtains - There is
no readily available means of confirming cutoff
trench construction. No engineering supervision
was provided during construction and the owner
has no recollection or records of the work per-
formed, but because the SCS provided technical
assistance, a cutoff trench would certainly have
been recommended.

A.1.4 Instrumentation - None

A.2 Reservoir and Drainage Area

a. Normal Pool

1) Elevation - 387 feet msl
2) Surface area - 6.6 acres
3) Storage capacity - 40 acre-feet
4) Reservoir length - 730 feet

b. Maximum Pool (designated top of dam)

1) Elevation - 388.9 feet msl
2) Surface area - 8 acres
3) Total capacity - 54 acre-feet

A.2.2 Drainage Area

a. Size - 41 acres (0.064 mi 2 )
b. Average ground slope - Approximately 5.6%
c. Soils - Memphis (60%), Grenada (25%), Loring (15%)



d. Land use - Pasture (64%), wooded (18%),
water (16%), residential or
hard surface (2%)

e. Runoff (AMC II)

1) PMF - 25.3 inches
2) PMF - 12.6 inches
3) 100 year - 2.6 inches

A.3 Outlet Structures

A.3.1 Service Spillway

a. Type - Open channel parabolic
b. Size - T = 30 feet

Hd = 1.9 feet
c. Crest elevation - 387 feet msl
d. Maximum capacity - 150 cfs (HEC-I inter-

polates 161 cfs)

A.3.2 Emergency Spillway - Service/emergency

combination (see above)

A.4 Historical Data

A.4.1 Construction Date - 1951

A.4.2 Design - SCS technical assistance

A.4.3 Builder - Farm labor and eq'. iment :.e used

A.4.4 Owner - Cedar Hill Farms (T. G. Barbee
and Tolly Murff are principal or sole shareholders)

A.4.5 Previous Inspections - None. Dam was not
previously on state or federal inventory.

A.4.6 Seismic Zone - 3

A.5 Downstream Hazard Data

A.5.1 Downstream Hazard Classification - High

A.5.2 Persons in Likely Flood Path - 10 (est.)

A.5.3 Downstream Property - 2 homes, 1 horse stable
and track approximately 7,600 feet downstream

A.5.4 Warning System - None



APPENDIX B

SKETCHES AND LOCATION MAPS
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Mary's Creek No. 8

Photographic Record

Photo No. 1 - Aerial shot.

Photo No. 2 - Aerial shot showing Stotts Lake Dam upstream

of Mary's Creek.

Photo No. 3 - Aerial shot looking downstream.

Photo No. 4 - Aerial shot looking upstream.

Photo No. 5 - Downstream slope of dam from left.

Photo No. 6 - Downstream slope and curvilinear portion
of dam.

Photo No. 7 - Riser.

Photo No. 8 - Downstream of toe showing excavated
drainage ditch.

Photo No. 9 - Sloughing along upstream slope just right
of emergency spillway.

Photo No. 10 - Sloughing along entrance channel of
emergency spillway.

Photo No. 11 - Stilling basin from crest.

Photo No. 12 - Downstream channel.

Photo No. 13 - Stilling basin from downstream.

Photo No. 14 - Stilling basin.

Photo Nos. 15 & 16 - Pooled water in downstream section
of drainage ditch shown in Photo No. 8.

Photo No. 17 - Entrance channel of emergency spillway.

Photo No. 18 - Exit channel of spillway.
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Stotts Lake Dam

Photographic Log

Photo No. 1 - Downstream slope at left end of dam showing

new fill material.

Photo No. 2 - Downstream slope looking left from mid-section.

Photo No. 3 - Downstream slope from emergency spillway
exit channel.

Photo No. 4 - Crest of dam looking right from near
mid-section.

Photo No. 5 - Upstream slope of dam showing extensive

sloughing.

Photo No. 6 - Upstream slope at left end of dam.

Photo No. 7 - Depression on downstream side of crest.

Photo No. 8 - Muskrat hole on crest.

Photo No. 9 - Sloughing along upstream slope (turned 900).

Photo No. 10 - Longitudinal surface crack along upstream
slope of new fill material at left end of
dam.

Photo No. 11 - Spillway, from right of dam.

Photo No. 12 - Spillway, looking upstream.

Photo No. 13 - Eroded area along spillway channel approxi-
mately 150 feet downstream of dam.
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Check List
Visual Inspection of Farth Dams

Department of Conservation
Division of Water Resources

Name of Dam Mary's Creek Lake Dam No. 8

County Shelby Date of Inspection March 11. 1981

ID # - State 79-7027 Federal -TN 15727

Type of Dam Earth

Hazard Category-Federal 1 State Hiah

Weather Sunny- Temperature 700 F

Pool at Time of Inspection Normal Pool (distance from crest)
at top

Tailwater at Time of Inspection of pi (distance from stream bed)

Design/As Built Drawings Available: Yes X No -

Location: SCS - Nashville

Copy Obtained: Yes x No

Reviewed: Yes x No

Construction History Available: Yes N x

Location:

Copy Obtained; Yes No -

Reviewed; Yes No

Other Records and Reports Available: Yes x No

Location: Watershed Work Plan - TDWR & SCS Regional Office. Nashville

Copy Obtained: Yes x No -

Reviewed: Yes X No

Prior Incidents or Failures: Yes No x

Inspection Personnel and Affiliation:

Ed O'Neill - TDR ,

Georae Moore - TDWR__ .. ......

William Culbert - TDWR ,

CN-0385



., hbankment

A. Crest

Description (1st inspection) Relatively flat, rounded

unstream and downstream edges. Good Bermuda grass cover.

1. Longitudinal Alignment Straight over most of its

length. Curved near emergency spillway.

2. Longitudinal Surface Cracks None

. Transverse Surface Cracks None

4. General Condition of Surface _ _ _d

5. Miscellaneous

S. Upstream Slope

1. Undesirable Growth or Debris None

il i .1



2. Sloughing, Subsidence, or Depressions Appreciable

erosion. Rilling and gully formation over much

of lenath.

3. Slope 11rotection Bermuda grass only.

a. Condition of Rfprap N/A

b. Durability of Individual Stones N/A

c. Adequacy of Slope Protection Against Waves

and Riunoff Inadequate. Will need riprap

within next year or two.

d. Gradation of Slope Protection o Localized Areas

of Fine Material N/A

4. Surface Cracks None

C. Downstream Slope

1. Undesirable Growth or Debris Large bush and small

evergreen near middle toe of dam.

2



2. Sloughing, Subsidence, or Depressions; Abnormal

Bulges or Non-Uiliformity Some scattered small depressions.

May be dispersive soil. Appear inactive.

3. Surface Cracks on Face of Slope None

4. Surface Cracks or Evidence of Heaving at

Embankment Toe None

5. Wet or Saturated Areas or Other Evidence of Seepage

on Face of Slope; Evidence of "Piping* or "Boils"

None

6. Drainage System 6" top_ drain - A,,hmpgp

7. Fill Contact with Outlet Structure Cannot be

ascertained because outlet is submerged

8. Condition of Grass Slope Protection Reasonably

full and uniform. Bermuda grass.

3



D. Abutments

1. Erosion of Contact of Embankment with Abutment from

Surface Water Runoff, Upstream or Downstream

Nothing significant

2. Springs or Indications of Seepage Along Contact of

Embankment with the Abutments None

3. Springs or Indications of Seepage in Areas a Short

Distance Downstream of Embankment - Abutment Tie-in

-None.

4..
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I. Area Downstream of Lzbankment, Including Channel

A. Localized Subsidence, Depressions, Sinkholes, Etc. 100
square feet depressed area 100' left of the principal
spillway. Base of depression is moist. It tapers to a
shallow gully and extends D/S, intersecting the principal
spillway exit channel. 35' D/S of dam, depressed area breaks
into hole with standing water. No observable flow.

B. Evidence of "Piping", "Boils", or "Seepage"_

None besides that previously mentioned.

C. Unusual Presence of Lush Growth, such as Swamp

Grass, etc. None

D. Unusual Muddy Water in Downstream Channel Relatively

muddy because there is no flow and cows drink there.

E. Sloughing or Erosion Some minor-sloughing initiated

by cattle traffic.

F. Surface Cracks or Evidence of Heaving Beyond

Embankment Toe None

G. Stability of Channel Sideslopes Good. Relatively steep.

H. Condition of Channel Slope Protection Good. Natur'" .

cover.

, i, i



I. Adequacy of Slope Protection Against Waves, Currents,

and Surface Runoff Adeauate

J. Rtiscellaneous Mud block& stillina basin- Pipe and espaci ally

eMbankment drains should not be submrrggzc- C-r,1€ ,iico huild

up of methane aas in SMbankmgnt..

X. Condition of Relief Wells, Drains, and Other

Appurtenances N/A

L. Unusual Increase or Decrease in Discharge from

Relief Wells N/A

6



I1. Instrumentation

A. Mnumentation/Surveys N/A

B. Observation Wells N/A

C. Weirs

D. Piezometers N/A

E. Other

7



&.v. Spillways

A. Service Spillway (Service/Emnergency Combination Yes __ ox_

1. Intake Structure Condition Good (observed from

dam)* Timbers are noticeably weathered.

2. Outlet Structure Condition No structure - outlet

submerged.

3.Pipe Condition Submerged in impact basin.

4. Evidence of Leakage or Pipinig None

5.General Remarks -Pipe is apparently not l.Aiit gAnnreig

to specifications. Outlet is approxMatplvy A fpa h'low

design location.

B. Eergency Spillway

1. Gene ral Condition Good. Uniform and wtpll r~co_

Some noteable erosion along uopstrpam lpf$- QjAgg=C

2. Entrance Channel SoaenrfL 1 n~

water surface. Rest is uniform and well grassed.

Fence across entrance channel.

3.Control Section -Same as general condition. Best

QUMg "oer

8



3. Exit Chanel Same as general condition.

4, Vegetative/Woody Cover Grass only.

5. Ot)er Observation_

'1

,I
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V. Mtergency Drawdown Facilities (if part of service spillay

so state), Valve stem visable at riser. Doesn't work. Always

leaked so clay was dumped over inlet.

Are Facilities Operable: Yes - o X..

Were Facilities Operated During Inspection: Yes.- No X

Date Facilities Were Last tsed Soon after dam was built

10



VI. Reservoir

A. Slopes Some erosion around entire reservoir.

B. Sedimentation Moderate to high.

C. Turbidity Low to moderate.

V'11. Drainage Area

Description (for hydrologic analysis) Mostly i.

pasture and woodland.

A. Changes in Land Use None

J , •11



VIII. Downstrea= Area (Stream)

A. Condition (obstructions, debris, etc.) 2 houses and

gwyral farm buildings 4600 feet downstream.

B. Slopes 0.5% channel slope

C. Approximate No. Homes, Population, and Distance D/S

7 hn' inim-g AACI F~pf rijnn-+r0;%

D. Other Hazards Horse stables and track some distance

downstream,

12



IX. Miscellaneous

Incidents/Failures No incidents reported by owner.

Observed Geology of Area Loess soils (winnd blnwn n) --a

most of area.

X. Conclusions

i) The dam is uniform and wel1 gqsd

2) A few area of signjfic;an1M- d m rdn ..... A nr' the up-
stream slope of the dam and downstream of the toe.

3) There wae no measurehle eerg fonntL

XI. Recommendations

1) Monitor depreRsinng on downstream sIInpp fnn 7rtpIQmtn+-

nf flnw_

2) Ripra. upgf-ram gipg. _nart r1iiriy in a nf gxnaA

qnlonahing_

3) Develop an emergency action plan for alertina downstream

residents in the event that failure appears imminent

Regiona Linep

Ghief Engineer

13
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Check List
Visual Inspection of Earth DamsDepartment of Conservation

Division of Water Resources

Name of Dam Stotts (TolIy Murff.

County Shelby ,Date of Inspection April 1 1 5I

ID # - State 79-7078 Federal TN 15776

Type of Dam Earth

Hazard Category-Federal 1 State High

Weather Sunny, breezy Temperature 700 FAt Norm~nal Pool

Pool at Time of Inspection (spillway crest) (distance from crest)

Tailwater at Time of Inspection app i/l(distance from stream bed)

Design/As Built Drawings Available: Yes _ No

Location: SCS Regional Office, Nashville and TMAR

Copy Obtained: Yes X No

Reviewed: Yes X No

Construction History Available: Yes No .

Location:

Copy Obtained: Yes No

Reviewed; Yes No

Other Records and Reports Available: Yes X No

Location: Watershed Work Plan - SCS Regional Office and mW

Copy Obtained: Yes X No

Reviewed: Yes x No

Prior Incidents or Failures: Yes - No x

Inspection Personnel and Affiliation:

George Moore - T ...

Bill Cuara t -T..

Gen Ifavin - rR ......

A,,,038S ____



I. Embankment

A. Crest

Description (1st inspection) Adequate grass cover.

Relatively flat and uniform. Sloughing from upstream

slope extends well into crest. Dam has new fill on

both ends. No grass cover or new embankment. Deep

animal burrows near mid-section. 2' deep gully/

depression begins approximately in middle of crest

extending 5-10' downstream. Some minor remnants of it

all the way to toe.

1. Longitudinal Alignment Straight

2. Longitudinal Surface Cracks New fill at left side of

dam has crack running its entire length. Apparently

the water has weakened the upstream slope to the

point that major sloughing would be inevitable with

any appreciable wave action.

3. Transverse Surface Cracks None

4. General Condition of Surface Poor

5. Miscellaneous

B. Upstream Slope

1. Undesirable Growth or Debris One small woody bush.



2. Sloughing, Subsidence, or Depressions Severe sloughing

over entire length from water surface well into crest.

3. Slop. Protection None. Some patches of grass where

slope remains, but virtually all of the surface has

sloughed off.

a. Condition of I*prap N/A

b. Durability of Individual Stones N/A

c. Adequacy of Slope Protection Against Waves

and Runoff Poor

d. Gradation of Slope Protection - Localized Areas

of Pine Material N/A

4. Surface Cracks New fill of left side nf clam ha -urface

crack near iunction of unStream n1nPannA rrnma* Pl nS
onto upstream slope as it mates with old embankment
material.

C. Downstream Slope

1. Undesirable Growth or Debris Only 1 tree, approximately

6" diameter, near toe right of center. Approximately
Su square yara area or wooay pushes near center toe.
Few others just downstream of right side of crest.

2



2. SlOUg~iings Subsidence, or Depressions; Abnormal

Bulges or ?on-UniforMity No significant sloughing.
Pervasive minor nonuniformity from cattle traffic, but
no gullying has been set up and surface is extensively
grassed. Few small depressions along toe. One large
shallow one around tree, but looks to have been created
by cattle. No sign of seepage. (See crest)

3.Surface Cracks on Face of Slope __________

None

4~. Surface Cracks or Evidence of Heaving at

Ebankment Toe None

.5. Wet or Saturated Areas or Other Evidence of Seepage

on Face of Slope; Evidence of "Piping" or "Boils"

None

6. Drainage System None apparent.

7. Fill Contact ith Outlet Str~ucture _N/A

8. Conditi~on of Grass Slope Protection Good



D. Abutments

1. Erosion of Contact of Embankent with Abutment from

Surface Water Runoff, Upstream or DowrstreaM New

embankment construction at both ends of dam. No
signIficant erosion observed downstream along tie-ins.
Good grass cover.

2. Springs or Indications of Seepage Along Contact of

Eban3ment with the Abutments None

3.Springs or Indications of Seepage in Areas a Short

Distance Downstream of Embnuent -Abutment Tie-in

None

4



II. Area Downstream of Ebankment, Including Channel

A. Localized Subsidence, Depressions, Sinkholes, Etc.

None

B. Evidence of "Piping", "Boils", or "Seepage" - None

C. Unusual Presence of Lush Growth, such as Swamp

Grass, etc. None

D. Unusual Muddy Water in Downstream Channel None

E. Sloughing or Erosion Nothing significant.

P. Surface Cracks or Evidence of Heaving Beyond

Embankment Toe None

G. Stability of Channel Sideslopes Good. PracticfiMv

flat cross-section.

H. Condition of Channel Slope Protection Excellent grass

cover except on the left side of dam near critical section
wnere embanment was refilled. No grass cover here.

i5



I. Adequacy of Slope protection Against Waves, Currents,

and Surface Runoff Good

J. miscellaneous

,4

K. Condition of Relief Wells, Drains, and Other

Appurtenances None

L. Unusual Increase or Decrease in Discharge from

Relief Wells N/A

6



: In.:zstr-umentation

A. Mnumentation/Surveys N/A

B. Observation Wells N/A

C. Weirs N/A

D. Piezometers N/A

E. Other

7



ZV. Spillways

A. Service Spillway (Service/Emergency Combination Yes _ &~o __)

1. Intake Structure Condition See Emergency Spillway

2. Outlet Structure Condition

3. Pipe Condition_

4. Evidence of Leakage or Piping i

General Remarks

B. Emergency Spillway

1. General Condition Good. Well arassed and unifnrm

cross-section.

2. Entrance Channel _, m adractically non-

existant, Control section occurs aDprndmatIy

along dam centerline.

3. Control Section Same as general.



3. ftit Chan~e1 Same

4. Vegetative/Woody Cover Grass only. Adequate.

5. Otber Observatioag Approximately 150 feet down-

stream the channel-takes a 3 foot drop then widens

appreciably.

4



V. Eergen~cy Drawdown Facilities (if part of service spillwlay

so state) None

Are Facilities Operable: Yes - no -

Were Facilities Operated During Inspection: Yes NO _

Date Facilities Wore Last teed _______________

10



VI. Reservoir

A. Slopes Gradual

B. Sedimentation Assumed moderate to high

C. T'urbidity High

VII. Drainage Area

Description (for bydrologic analysis) Predominantly

active pasture land.

A. Changes in Land Use None expected.

11
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V I. Downstream Area (Stream)

A. Condition (obstructions, debris, etc.) Nothing significant

B. Slopes 0.7% (immediately upstream of Mary's Creek Dam

No. 8 reservoir)

C. Approximate No. Homes, Population, and Distance D/S

2 homes and horse stables approximately 8100 feet

downstream.

D. Other Hazards ___________________

12



IX. Yiscellaneous

IncideLts/Pailures None reDorted by owner-

Observed Geology of Area Predominantly Loess soil.

X. Conclusions

1) The dam is uniform and well grassed with some undesirable

vegetation.
2) The upstream slope has undergone considerable sloughing

extenaing well into Vhe ureh.

3) No signs of seepage were observed.

Xl. Recommendations

1) Provide some protection for the upstream slope of the dam.

2) Remove the tree and bushes from the downstream slope.

3) Prevent cattle from walking on the dam.

4) Develop an emergency action plan for alerting downstream

residents in the event that failure appears imminent.

Regional LngineeV

'hie Eineer



APPENDIX E

DESIGN DRAWINGS
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APPENDIX F

HYDRAULIC AND HYDROLOGIC DATA



HYDRAULIC AND HYDROLOGIC ANALYSIS

According to OCE guidelines, Mary's Creek Dam No. 8 must

be able to safely pass a minimum of the one-half Probable

Maximum Flood ( PMF). Six hour rainfall depths for the

Probable Maximum Precipitation and the 100 year rainfall

were obtained from the U. S. Weather Service's Technical

Paper 40. Flood routings were performed using the

HEC-I-CB computer program. The program uses the dimen-

sionless hydrograph technique described in Section 4 of

the Soil Conservation Service National Engineering Hand-

book and the modified puls method of reservoir routing.

The peak outflow from the PMF (AMC II) is 449 cfs. This

flood overtops the dam by 0.2 feet for 1.8 hours.



Mary's Creek No. 8

SUMMARY OF ROUTINGS

ANTECEDENT MOISTURE CONDITION
EVENT II III

PMF Overtops the dam 1.2' Overtops the dam 1.5'
maximum for 3.2 hours maximum for 3.3 hours

Pff Overtops the dam 0.2' Overtops the dam 0.5'
maximum for 1.8 hours maximum for 2.2 hours

00- YEAR Maintains 5.5' of Maintains 4.7' of
freeboard freeboard

The spillways are inadequate to pass the PMF by:

136 cfs (AMC II)
424 cfs (AMC III)

~i

, . .. . .. V
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PROGRAM PROCEDURE

Input Sequence Page

I 1' a) Routing inflow hydrograph through
Stotts Lake Dam (Tolly Murff).

b) Routing breech hydrograph from
Stotts through reach between
Stotts Dam and Mary's Creek
Reservoir.

c) Combing inflow hydrograph to
Mary's Creek No. 8 and breech
hydrograph from Stotts.

d) Routing composite inflow through
Mary's Creek Dam.

II 9 Same sequence as above for AMC III
condition.

III 11 Standard inflow hydrograph routing
through Mary's Creek Dam asquming
Stotts Lake does not exist.J

IV 13 Same procedure as above for AMC III
condition.

iThis is a reasonable approximation if Stotts Dam
does not breech. It is a conservative approach
from a design standpoint (i.e., it gives higher
flow values) because spillway outflow will not
exceed the inflow that is assumed if the dam is
absent, until the dam overtops.
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HYDRAULIC AND HYDROLOGIC ANALYSIS

According to OCE guidelines, Stotts Dam must be able to safely

pass a minimum of the one-half Probable Maximum Flood ( PMF).

Six hour rainfall depths for the Probable Maximum Precipitation

and the 100 year rainfall were obtained from the U. S. Weather

Service's Technical Paper 40. Flood routings were performed

using the HEC-I-DB computer program. The program uses the

dimensionless hydrograph technique described in Section 4

of the Soil Conservation Service National Engineering Hand-

book and the modified puls method of reservoir routing.

The peak outflow from the PMF (AMC II) is 202 cfs. This

flood overtops the dam by 0.2' for 30 minutes.



Stotts Lake Dam

SUMMARY OF ROUTINGS

ANTECEDENT MOISTURE CONDITION
EVENT II I-

Overtops by maximum Overtops by maximum
of 1.0' for 2.1 hours 1.1' for 2.2 hours

A% Pf Overtops by maximum Overtops by maximum
0.2' for 30 minutes 0.3' for 0.7 hours

'i
00 - YEAR 1.3' of freeboard is 1.0' of freeboard is

maintained mainta r,:'

Spillway is inadequate to pass the PVIF by:

50 cfs (AMC II)
95 cfs (AMC III)
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APPENDIX G

CORRES PONDENCE



TENNESSEE OEPARTMENT OF CONSERVATION
DIVISION OF WATER RESOURCES
4721 ThODSOALE DCVE. NASHNLLE 37220

61517414660

Certi fied

December 1, 1980

Mr. L. E. Bryan
1371 West Crestwood Dr.
Memphis, T1 38117

Dear Dam Owner:

As provided by the State Safe Dams Act, Tennessee Code Annotated,
Sections 70-2501 to 70-2530, non-federal dams in Tennessee must
be inspected and certified for safety by our agency. According
to our records, you are identified as the owner of Mary's Creek #8
Dam, located in Shelbv County, Tennessee.
Enclosed for your information and review is a copy of our
inventory record on the structure along with a copy of the Act
and adopted rules and regulations.

Tentative plans are to schedule a safety inspection of your
dam within the next few months. A staff engineer will very
shortly be in further communication with you to discuss the
pending inspection and your responsibilities under the Safe
Dams Act. Your immediate attention, however, is called to the
matter of maintaining the earthen dam with a good grass cover
and clear of all brush, undergrqwth and tree growth. If these
conditions do not presently exibt, please make plans to remove
the brush, undergrowth and all trees less than two inches in
diameter as soon as possible. Larger treep may have to be
removed at a later date but must be done so under the direction
of an experienced engineer.

Please let me, or our Chief Engineer, Mr. Ed O'Neill, know of
any assistance we might be.

V L~rul our

Robert A. Hunt, P.E.

Director, Division of Water Resources

RAH:lt

Enclosures



ORNED-G

NON-FEDERAL DAM INSPECTION REVIEW BOARD
PO BOX 1070

NASHVILLE, TENNESSEE 37202

Commander, Nashville District
US Army Corps of Engineers
PO Box 1070
Nashville, TN 37202

1. The Interagency Review Board, appointed by the Commander on 19 June 1981,
presents the following recommendations after meeting on 30 July 1981, to
consider the Phase I investigation report on Mary's Creek Watershed Dam No. 8,
inspected by the Tennessee Department of Conservation.

2. The data relating to the failure of Stott's Dam through structural failure
alone or through failure during the 1/2 PMF should be included in the report.

3. The report should conclude that the dam would probably not fail, if it were
overtopped by 0.2 ft for 1.8 hours during the 1/2 PMF.

4. A qualified engineer should be engaged to perform an embankment stability
analysis to determine if the dam meets seismic stability requirements.

5. Recommendation"d"should be revised to include the services of a qualified
engineer to investigate the feasibility of lowering the water level in the
stilling basin. The engineer should also investigate and make recoimmendations

for the repair of the drawdown facilities.

1-



ORNED-G
Commander, Nashville District
US Army Corps of Engineers

6. The Board is in agreement with other report conclusions and recommendations

following minor revisions.

B. COUCH, JR. EN . BARKEMEYER
Chief, Geotechnical Branch State Conservation Engineer
Chairman Soil Conservation Service

16EORGE MODRE H. F. PHILLIPS i
Alternate, Division of Water Resources Chief, Hydraulics Section
State of Tennessee Alternate, Hydrology and Hydraulics

Branch

EDWARD B. BOYD BRADLEY B. Roo
Hydrologic Technician Chief, Struct ral Section

Alternate, US Geological Survey Alternate, Design Branch
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